An ammonium chloride procedure was used to prepare a bacterial pellet from positive blood cultures, which was used for direct inoculation of VITEK 2 cards. Correct identification reached 99 % for Enterobacteriaceae and 74 % for staphylococci. For antibiotic susceptibility testing, very major and major errors were 0.1 and 0.3 % for Enterobacteriaceae, and 0.7 and 0.1 % for staphylococci, respectively. Thus, bacterial pellets prepared with ammonium chloride allow direct inoculation of VITEK cards with excellent accuracy for Enterobacteriaceae and a lower accuracy for staphylococci.
INTRODUCTION
Blood cultures are the best approach to establish the aetiology of bloodstream infections. Direct automated identification and antibiotic susceptibility testing (AST) using blood-culture bacterial pellets have been applied to Gram-negative bacteria (GNB) (Bruins et al., 2004; de Cueto et al., 2004; Kerremans et al., 2004) but remain unsatisfactory for the identification of Gram-positive cocci (GPC) (de Cueto et al., 2004; Kerremans et al., 2004) . We previously developed a simple procedure to prepare pellets for bacterial identification using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) . Here, we applied this procedure to direct inoculation of VITEK 2 cards (bioMérieux) for bacterial identification (ID) and for AST of GPC in clusters and GNB present in blood cultures.
METHODS
For 26 consecutive weeks, all positive blood cultures obtained with GNB (one per patient) or GPC (one per site of puncture per patient) on Gram-stained slides of positive vials were included. Mixed blood cultures were excluded. Bacterial pellets from positive blood-culture vials (BACTEC Plus aerobic/F, Lytic anaerobic/F and Peds/F) detected by the automated blood-culture system BACTEC 9240 (Becton Dickinson) were prepared using ammonium chloride-driven haemolysis . Briefly, 5 ml positive medium was mixed with 40 ml sterile water and centrifuged at 1000 g for 10 min. The supernatant and blood-cell layer were removed. The remaining blood cells were lysed by adding 1 ml ammonium chloride (0.15 M NH 4 Cl, 1 mM KHCO 3 , pH 7.31) to the bacterial pellet followed by a second centrifugation step at 140 g for 10 min. The supernatant was discarded. When the pellet remained haemorrhagic, the lysing step was repeated with 2 ml water (Prod'hom et al., 2010).
Bacterial pellets (¢10 8 cells ml 21 ) at a McFarland standard of 0.6-0.8 were used for direct inoculation of VITEK 2 Gram-positive (GP) and AST 580 cards for GPC, as well as VITEK 2 GN and AST GN26 cards for GNB. Samples from positive blood-culture vials were subcultured on blood agar (GPC and GNB) and MacConkey agar plates (GNB) to obtain a pure culture with isolated colonies. Determination of ID and AST using the same VITEK 2 cards from colonies obtained by subculture on agar were used as the gold standard. A quality control of VITEK 2 was performed weekly by testing Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 29213 for both ID and AST.
For the interpretation of ID results, the following criteria were used: (i) correct identification, when the direct ID and the colony ID gave the same identification; (ii) misidentified, when discordant results were observed between the direct ID and the colony ID; and (iii) not identified, when the direct ID gave no identification with the VITEK 2 system. For the interpretation of AST, only cases with correct identification results were analysed. VITEK 2 MIC data and interpretation were used for comparison of direct AST and AST from colonies. Essential agreement (EA), categorical agreement (CA), minor discrepancy (md), major errors (ME) and very major errors (VME) were used according to the definitions given by the US Food and Drug Administration (FDA, 2009) . EA was the overall agreement within one (plus or minus) twofold dilution of direct detection versus colony inoculation of VITEK 2 cards. CA, the agreement of interpretive results, was defined as susceptible, intermediate or resistant between direct detection versus colony inoculation of VITEK 2 cards. AST discordance results were classified as: VME (false susceptible), ME (false resistant) and md (all others). In cases of misidentification, strains were retested using MALDI-TOF MS directly from colonies. The identification of these isolates by MALDI-TOF was performed on a Microflex LT instrument (Bruker Daltonics) with FlexControl software version 3.0 . Discrepancies of AST (VME and ME) were resolved by testing isolates using an Etest system (bioMérieux). For each antibiotic, a Wilcoxon signed rank test was performed to evaluate the MIC values after log conversion. A value of P,0.05 was considered significant.
RESULTS
During the study period, 278 positive blood cultures were included in the study. Table 1 shows the results of the VITEK 2 identification obtained directly from the bacterial pellet compared with the final identification. Overall, 226/278 (81 %) had correct identification at the species level when the VITEK 2 card was inoculated directly with the bacterial pellet. The proportion of correct identification for Enterobacteriaceae, non-fermentative GNB, staphylococci and other GPC were 87/88 (99 %), 5/7 (71 %), 133/180 (74 %) and 1/3 (33 %), respectively (Table 1) . Misidentifications were observed for 31/278 (11 %) bacterial pellets. For 21/278 (8 %) bacterial pellets, VITEK 2 gave no identification. It was noteworthy that all bacterial pellets identified as S. aureus by the VITEK 2 system were correct. However, as many as 16/77 S. aureus (21 %) were misidentified (Table 1) .
Direct AST results from the blood-culture bacterial pellet were analysed for 220 of the 226 isolates with congruent identification at the species level for 87 Enterobacteriaceae and 133 staphylococci ( Table 2 ). The AST GN26 and AST 580 tests were not appropriate for non-fermentative bacteria (n55) and S. pyogenes (n51).
For Enterobacteriaceae, the AST from one case was excluded as VITEK 2 gave no results due to insufficient growth. For three additional cases, the result from one antibiotic was excluded as VITEK 2 gave no result. The majority of discrepancy tests (27/41) confirmed the categorical results obtained from the colonies.
For the other cases, the EA and CA were 98.5 and 97.7 % overall, respectively. The numbers of VMEs, MEs and mds were two (0.1 %), five (0.3 %) and 30 (1.9 %), respectively.
For the 133 staphylococci, the EA and CA were 96 and 96.2 %, respectively. The numbers of VMEs, MEs and mds were 18 (0.7 %), two (0.1 %) and 76 (3.1 %), respectively. The majority of VMEs were observed for trimethoprimsulfamethoxazole (TMP-SMX) (15/18; 83 %).
DISCUSSION
In this study, we applied a simple blood-pellet procedure using ammonium chloride to inoculate VITEK 2 cards for both ID and AST. This procedure has several advantages. First, we did not use additional devices such as a serum separator tube for preparation of the bacterial pellet (Bruins et al., 2004; de Cueto et al., 2004; Kerremans et al., 2004) . Secondly, the method can be used for both bacterial ID and AST for Enterobacteriaceae and staphylococci.
For staphylococci AST, VMEs predominated for TMP-SMX. Similar results have been observed previously using a serum separator tube for bacterial pellet preparation (Kerremans et al., 2004) or using saponin as a detergent (Lupetti et al., 2010) . For staphylococci, the MICs of several antimicrobial agents were one or more dilutions lower using the direct-inoculum method (P,0.05). Two hypothetical factors may explain the differences between the tested and the reference method: (i) the presence of residual blood proteins, blood cells and bloodculture medium; and (ii) the low homogeneity of bacteria in the pellet. The first factor may modify standardized conditions necessary for identification and AST with VITEK 2 cards and possibly may increase the bacterial growth, with a significant impact on the biochemical results. The probable lower homogeneous viability of bacteria present in the pellet compared with bacteria obtained from subculture may explain the altered growth rate and modified MIC determinations. Polymicrobial blood cultures may cause errors in AST and should be excluded. In most hospitals, the frequency of polymicrobial blood cultures is relatively low (,10 %), allowing the successful application of this method to .90 % of all positive blood cultures.
In our hospital, direct identification using VITEK 2 cards is used when identification using MALDI-TOF MS analysis of the bacterial pellet has failed. Direct AST on the bloodculture pellet is used for both staphylococci and Enterobacteriaceae. For staphylococci, the TMP-SMX result is not provided for the physician. Implementation of such a method in another laboratory may need independent validation, as the method is an adaptation of a CE/FDAapproved tool for off-label purposes.
In conclusion, bacterial pellets from positive blood cultures prepared with an ammonium chloride-driven haemolysis allowed direct inoculation of VITEK cards used for ID and AST with excellent accuracy for Enterobacteriaceae and a lower accuracy for staphylococci. To circumvent the lower accuracy of bacterial identification for staphylococci, we perform MALDI-TOF MS identification from the bacterial pellet (Prod'hom et al., 2010). dOne inoculum by direct VITEK failed to grow for all antibiotics tested. In three cases, VITEK 2 provided an alert for insufficient growth for one antibiotic. §Significant difference in MICs using Wilcoxon signed rank test (P,0.05). ||TMP-SXT, trimethoprim-sulfamethoxazole.
